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摘    要 
摘    要 





   本论文第三章优化Ba(Zn1/3Nb2/3)O3陶瓷的预烧、烧结条件，得到 佳工






家 863 课题的要求。 
   本论文的第六章和第七章涉及ZnNb2O6陶瓷实验内容，在第六章中利用
工业纯原料制备ZnNb2O6陶瓷，着重讨论了MnCO3微量添加对其影响，结果
表明，添加 0.50wt％MnCO3的ZnNb2O6陶瓷介电性能 佳：εr=22.1，Q×f =96，
889 GHz 和 τf = － 46 ppm/℃；第七章通过 Ta 部分取代 Nb 来调整
Zn(Nb1-xTax)2O6陶瓷的谐振频率温度系数取得了良好效果，当x＝0.7 时
Zn(Nb1-0.7Ta0.7)2O6的介电性能为：εr=30.2, Q×f =59，592 GHz和τf = ＋5 
ppm/℃。 



















Microwave dielectric ceramics(MWDC) is a kind of electric ceramics for 
microwave resonators and filters which are applied in wireless communications, 
300MHz～3000GHz. It is expected for MWDC to have high permittivity εr, 
high quality factor Q and adjustable temperature coefficient of resonant 
frequency τf. In this thesis, Ba(Zn1/3Nb2/3)O3 and ZnNb2O6 ceramics are 
prepared by conventional mixing oxide route, and the effects of processing 
factors and ionic substitutions on structure and dielectric properties are 
systematically investigated. In addition, dielectric polarization and loss 
mechanisms are also discussed in this thesis. 
In the Third Chapter of this thesis, calcining and sintering conditions of 
Ba(Zn1/3Nb2/3)O3 ceramics are optimized as followings: calcining condition 
1200℃×4h, sintering condition 1400℃×4h, εr＝40.3, Q×f＝48,671 GHz, τf＝
30.7 ppm/℃. In the Fourth Chapter, it is found that sintering temperatures are 




partially, though the temperature coefficient of resonant frequency τf is 
a little more positive. Therefore in the Fifth Chapter, the adjustment of τf for 
Ba(Zn1/3Nb2/3)O3 ceramics is the urgent aim. Temperature coefficient of 





Ba[(Zn1-xCox)1/3Nb2/3]O3 ceramics. When x equals to 0.8, the dielectric 
properties of Ba[(Zn1-xCox)1/3Nb2/3]O3 ceramics are as following: εr＝34.1，Q×f
＝61，389 GHz，τf＝0.7ppm/℃, which satisfies with the requirement of national 















 The latter part of this thesis is focus on ZnNb2O6 ceramics. In the Sixth 
Chapter, ZnNb2O6 ceramics are prepared with industrial purity chemicals and 
the effects of MnCO3 on ZnNb2O6 ceramics are discussed especially. Optimal 
microwave dielectric properties are obtained for ZnNb2O6 ceramics with 
addition of 0.50wt% MnCO3, εr＝22.1，Q×f＝96，989 GHz，τf＝-46ppm/℃. In 
the Seventh Chapter, temperature coefficient of resonant frequency τf is adjusted 




in Zn(Nb1-xTax)2O6 ceramics and the 
result is also satisfactory. When x equals to 0.7, dielectric properties of 
Zn(Nb1-0.7Ta0.7)2O6 ceramics are as following：εr=30.2, Q×f =59,592 GHz, τf = 
＋5 ppm/℃. 
Finally in the Eighth Chapter of this thesis, dielectric polarization 
mechanism of Ba(Zn1/3Nb2/3)O3 and ZnNb2O6 ceramics is also discussed and 
useful hints for adjusting permittivity and temperature coefficient of resonant 
frequency τf are present. 
Keywords ： Microwave Dielectric Ceramics; Dielectric Properties; 
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第一章  绪   论 
 










































进入实用化；1976 年，日本的Wakino[17]等人合成了τf为 0 的单相（Zr，Sn）
TiO4陶瓷并发展成为一类具有高εr、高Q值和低τf的实用微波介质陶瓷。为
了获得更高电容率的微波陶瓷，人们在BaO-TiO2系中添加稀土氧化物，开
发出了εr达 70～90 的BaO-Ln2O3-TiO2系的微波介质陶瓷。1980 年以来，人
们对钙钛矿型ABO3化合物的B位置有两种元素构成的复合钙钛矿型化合物






























第一章  绪   论 








发展规划设想，预计微波介质器件新增产量 5000 万只，拟投资 2 亿元，并
且把高频器件(表面波器件和微波介质器件)作为重点发展目标之一，希望在
该领域缩小与发达国家的差距[21]。而且，近两年微波介质陶瓷已经分别被



























第一章  绪   论 
特性及通讯质量； 















( ) ( ) ( ) ( ) ( ) ( )γωωωεωεωεεωε jmVZqj T −−=+=∞− 2202 /"'         (1-1) 
式中： 
εr(ω)为ω频率下离子位移极化的复电容率； 























第一章  绪   论 
0ε 为通常频率下的静态电容率； 
ωT为点阵振动光学模角频率，ωT≈1012～1013 Hz 






























(2) 品质因数 Q 的影响因素  
谐振品质因数Q受介质损耗tgδd、欧姆损耗tgδe和辐射损耗tgδλ这三个因
素的影响，其关系式为： 
Q-1=tgδd + tgδe + tgδλ                                       (1-4) 
对于微波介质材料而言，tgδe与tgδλ可以忽略，Q约与tgδd成反比，与εr1/2
也成反比关系。 


















第一章  绪   论 
此外，在微波频段范围内，品质因数 Q 值与微波频率 f 也有关： 
Q＝ε`(ω)/ε``(ω)≈ωT2/(ω·γ)＝ωT2/(2πf·γ)              (1-6) 
式中：ε`(ω)－有功电容率； 
ε``(ω)－无功电容率； 
ω－微波频率为 f 时的角频率，单位为 rad/s； 
由式（1-6）可知： 






(3) 谐振频率温度系数τf的影响因素  
材料的谐振频率温度系数τf，主要由材料的线性膨胀系数αl和电容率的温
度系数τε决定，研究工作已揭示出三者的关系： 






τf＝ ∑ fiiV τ                                      (1-8) 
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